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(54) GROWING APPARATUS FOR SINGLE CRYSTAL AND PRODUCTION METHOD 
(57)Abstract: (ia) 
PROBLEM TO BE SOLVED: To readily enlarge the 
diameter of a growing single crystal by suppressing the 
obstruction of the growth by a polycrystal when growing 
the single crystal of silicon carbide or the like by a 
sublimation recrystallization method. 
SOLUTION: The center part of the lower surface of a lid 
body 1 facing to the raw material powder 6 for silicon 
carbide, arranged in a crucible 7 is protruded to provide 
a seed crystal-supporting part 2, and the seed crystal 3 
is attached on the supporting surface 2a. The seed 
crystal-supporting part 2 has a side surface 2b tilted to 
the supporting surface 2a side so as to have a 
contracted diameter, and the angle formed by the normal 
line of the side surface 2b and the normal line of the 
supporting surface 2a is regulated so as to be 20-80** 
to prevent polycrystal 4 growing on the side surface 2b 
from obstructing the growth of the single crystal 5 on a 
seed crystal 3. and further to prevent the side surface 
of the single crystal 5 from being thermally etched. The 

single crystal 5 can grow while expanding the diameter in the outer direction. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by connputer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Make the raw material and seed crystal of a single crystal to grow up counter in a 
container, and it arranges. It is equipment which carries out heating sublimation of the above- 
mentioned raw material, and grows up a single crystal on the above-mentioned seed crystal. 
While making the seed crystal supporter which a part of above-mentioned container internal 
surface which counters the above-mentioned raw material is made to project to the above- 
mentioned raw material side, and supports the above-mentioned seed crystal, and nothing and 
this seed crystal supporter into the abbreviation trapezoid configuration where a side face 
inclines Growth equipment of the single crystal characterized by making it the include angle 
theta of the normal in the center section of this inclining side face and the normal of the above- 
mentioned back face to make turn into 80 or less degrees 20 degrees or more. 
[Claim 2] Growth equipment of the single crystal according to claim 1 which made the above- 
mentioned side face of the above-mentioned seed crystal supporter the shape of the shape of a 
convex, and a concave surface. 

[Claim 3] Claims 1 or 2 which made the minor diameter the path of the above-mentioned back 
face of the above-mentioned seed crystal supporter from the path of the above-mentioned seed 
crystal, abbreviation identitas. or the above-mentioned seed crystal are growth equipment of the 
single crystal of a publication either. 

[Claim 4] 3 is [ claim 1 whose above-mentioned single crystal is silicon carbide monocrystal 
thru/or ] growth equipment of the single crystal of a publication either. 

[Claim 5] In the approach of making the raw material and seed crystal of a single crystal to grow 
up countering in a container, arranging, carrying out heating sublimation of the above-mentioned 
raw material, and growing up a single crystal on the above-mentioned seed crystal While making 
the seed crystal supporter which a part of above-mentioned container internal surface which 
counters the above-mentioned raw material is made to project to the above-mentioned raw 
material side, and supports the above-mentioned seed crystal, and nothing and this seed crystal 
supporter into the abbreviation trapezoid configuration where a side face inclines The 
manufacture approach of the single crystal characterized by making it the include angle theta of 
the normal in the center section of this inclining side face and the normal of the above- 
mentioned back face to make turn into 80 or less degrees 20 degrees or more. 
[Claim 6] The manufacture approach of the single crystal according to claim 5 which made the 
above-mentioned side face of the above-mentioned seed crystal supporter the shape of the 
shape of a convex, and a concave surface. 

[Claim 7] The manufacture approach of the single crystal according to claim 5 or 6 which made 
the minor diameter the path of the above-mentioned back face of the above-mentioned seed 
crystal supporter from the path of the above-mentioned seed crystal, abbreviation identitas, or 
the above-mentioned seed crystal. 

[Claim 8] 7 is [ claim 5 whose above-mentioned single crystal is silicon carbide monocrystal 
thru/or ] the manufacture approach of the single crystal a publication either. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the growth equipment and the manufacture 
approach of a single crystal which are used in order to grow up single crystals, such as silicon 
carbide. 
[0002] 

[Description of the Prior Art] Silicon carbide monocrystal is excellent in thermal and chemical 
property, and attracts attention as substrate ingredients for semiconductor device production, 
such as a power device. Silicon carbide monocrystal is obtained by the sublimation recrystallizing 
method, makes the raw material and seed crystal of a single crystal to grow up counter generally, 
is arranged, carries out heating sublimation of the raw material, and grows up a single crystal on 
seed crystal. Drawing 5 shows an example of the growth equipment by the sublimation 
recrystallizing method, and single crystal growth equipment 18 has the lid 11 by which ** arrival 
is carried out to the crucible 1 7 made from a graphite with which it fills up with the silicon 
carbide raw material powder 16, and this crucible 17. If junction immobilization of the seed 
crystal 13 which consists of silicon carbide monocrystal is carried out and a lid 1 1 is made to 
carry out heating sublimation of the raw material powder 16, it will recrystallize in it on the seed 
crystal 1 3 with which the sublimation gas counters, and silicon carbide monocrystal 1 5 will grow 
up to be it. 

[0003] By the way, as a silicon-carbide-monocrystal substrate for semiconductor device 
production, although current and a thing with a diameter of about 2 inches are marketed, in order 
to raise mass-production nature, the silicon-carbide-monocrystal substrate of the diameter of 
macrostomia is needed more. However, with the conventional growth equipment 18 shown in 
above-mentioned drawi ng 5 , since seed crystal 13 is directly Joined to a lid 11. the polycrystal 
14 deposited on lid 11 front face of the seed crystal 13 circumference and the single crystal 15 
which grows on seed crystal 1 3 contact. For this reason, there was a problem from which 
aperture expansion of a growth crystal is prevented. 

[0004] Then, the growth equipment which the equipment for solving this problem is proposed 
variously, for example, covered the periphery of seed crystal with the diaphragm to JP,6-37353,B 
is indicated. He controls generating of polycrystal and is trying for a single crystal to grow only 
on seed crystal by holding a diaphragm from seed crystal to an elevated temperature with this 
growth equipment. Moreover, there is growth equipment which formed the height in the lid and 
was used as the seed crystal supporter so that it may be indicated by JP,1-305898.A, JP.IO- 
36195.A, etc. Like drawing 6 . by using as the seed crystal supporter 12 the height formed in the 
center of an inferior surface of tongue of a lid 1 1 , seed crystal 13 is arranged on it. and the 
polycrystal 14 deposited on the perimeter of the seed crystal supporter 12 delays the timing in 
contact with the single crystal 15 which grows on seed crystal 13. and is raising the aperture 
dilation ratio of a growth crystal with this equipment. 
[0005] 

[Problem(s) to be Solved by the Invention] However, with the equipment of JP,6-37353,B, the 
aperture of the single crystal obtained is restricted by the diameter of opening of a diaphragm. 
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and cannot enlarge an aperture dilation ratio enough. Moreover, equipment structure is 
complicated and there is a problem which manufacture of equipment takes cost and time 
amount. On the other hand, with the equipment of JP,1-305898.A and JP.1 0-361 95A in order 
that polycrystal 14 might contact a single crystal 15 if growth progresses as shown in drawing 6 
although it is possible to delay the timing to which polycrystal contacts a single crystal, there 
was fault that expansion of the aperture beyond it was obstructed. 

[0006] This invention is made in view of the above-mentioned actual condition, and in growing up 
single crystals, such as silicon carbide, by the sublimation recrystallizing method, the purpose 
controls the growth inhibition by polycrystal. and is simple to offer the growth equipment and the 
manufacture approach of a single crystal that aperture expansion of the single crystal which 
grows can be aimed at. 
[0007] 

[Means for Solving the Problem] The growth equipment of the single crystal of claim 1 of this 
invention is equipment which makes the raw material and the seed crystal of a single crystal to 
grow up counter in a container, and it arranges [ equipment ], carries out heating sublimation of 
the above-mentioned raw material, and grows up a single crystal on the above-mentioned seed 
crystal, makes a part of the above-mentioned container internal surface which counters the 
above-mentioned raw material project to an above-mentioned raw material side, and has made 
with the seed-crystal supporter which supports the above-mentioned seed crystal. This seed 
crystal supporter is the abbreviation trapezoid configuration where a side face inclines, and it is 
formed so that it may become 80 or less degrees 20 degrees or more about the include angle 
theta of the normal in the center section of this inclining side face, and the normal of the above- 
mentioned back face to make. 

[0008] Since it considered as the inclined plane which turns the above-mentioned side face to a 
back-face side, and reduces the diameter of it in this invention although polycrystal grew on the 
side face of the above-mentioned seed crystal supporter when the single crystal was grown up 
using the above-mentioned equipment, the growth direction of the polycrystal which grows up to 
be this inclining side face turns into the direction of that normal. That is. polycrystal will grow so 
that it may escape outside to the growth direction (the direction of the normal of the above- 
mentioned back face) of the single crystal which grows on the above-mentioned seed crystal, 
and for this reason, the growth inhibition by polycrystal like a configuration (refer to dr awi ng 5 ) 
before soon joined to the lid can be controlled. Since it can grow up while this effectiveness is 
high and a single crystal is expanded outside if an include angle theta is especially made into 20 
degrees or more, an aperture dilation ratio becomes large. 

[0009] On the other hand, conventionally which formed the convex seed crystal supporter, with a 
configuration (refer to drawing 6 ), there is no growth inhibition by polycrystal until the 
polycrystal which grows on a lid contacts a single crystal, but since the side face of a single 
crystal is put to an elevated temperature in the meantime, it is eaten away by heat etching and 
an aperture dilation ratio falls. On the other hand, in this invention, polycrystal accumulates from 
immediately after initiation of single crystal growth on the inclining above-mentioned side face, 
the single crystal with which this grows is contacted, and a side face is protected. In order to 
acquire this effectiveness, it can be good to make an include angle theta into 80 or less degrees, 
it can prevent heat etching, and can make aperture expand. 

[0010] Therefore, if the above-mentioned include angle theta is made into 80 or less degrees 20 
degrees or more, the above-mentioned aperture expansion effectiveness is remarkable, and heat 
etching will be prevented in contact with the single crystal side face in which it grows up, without 
polycrystal blocking growth of a single crystal. Consequently, the aperture dilation ratio of a 
single crystal can be raised sharply, moreover, an equipment configuration is easy and 
manufacture is also easy an equipment configuration. 

[001 1] With the equipment of claim 2, the above-mentioned side face of the above-mentioned 
seed crystal supporter is formed the shape of a convex, and in the shape of a concave surface. 
Although the above-mentioned seed crystal supporter is generally formed so that the cross 
section of the above-mentioned side face may become straight line-like, an abbreviation center 
section can also make the above-mentioned side face configurations, such as the shape of a 
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convex which bulges in the method of the outside of the direction of a path, and the shape of a 
concave surface which carries out a cavity to the method of the inside of the direction of a path. 
In this case, although the above-mentioned include angle theta changes with parts, the same 
effectiveness will be acquired if the include angle theta in a side-face center section except the 
above-mentioned back-face side edge section or the above-mentioned container internal- 
surface side edge section is in the above-mentioned range at least. 

[0012] Let the path of the above-mentioned back face of the above-mentioned seed crystal 
supporter be a minor diameter with the equipment of claim 3 from the path of the above- 
mentioned seed crystal, abbreviation identitas. or the above-mentioned seed crystal. If the path 
of the above-mentioned back face is larger than the above-mentioned seed crystal, since 
polycrystal will accumulate on the above-mentioned back face around the above-mentioned 
seed crystal, in order to acquire the effectiveness of the inclining above-mentioned side face, it 
is desirable to make the above-mentioned seed crystal and the above-mentioned back face into 
the almost same magnitude, or to form the above-mentioned back face small a little. 
[0013] Let the above-mentioned single crystal be silicon carbide monocrystal with the equipment 
of claim 4. It is useful as a substrate for semiconductor device production, and moreover, 
conventionally, since diameter[ of macrostomia ]-izing was difHcult for silicon carbide 
monocrystal, the effectiveness at the time of applying this invention is remarkable [ silicon 
carbide monocrystal ]. 

[0014] Invention of claim 5 makes a part of above-mentioned container internal surface which 
counters the above-mentioned raw material project to the above-mentioned raw material side 
about the manufacture approach of a single crystal in the approach of making the raw material 
and the seed crystal of a single crystal grown up into a container countering, arranging, carrying 
out heating sublimation of the above-mentioned raw material, and growing up a single crystal on 
the above-mentioned seed crystal, and carries out support immobilization in the above- 
mentioned seed crystal a seed-crystal supporter, nothing, and on it. This seed crystal supporter 
is made into the abbreviation trapezoid configuration where a side face inclines, and it is made 
for the include angle theta of the normal in the center section of this inclining side face and the 
normal of the above-mentioned back face to make to turn into 80 or less degrees 20 degrees or 
more at this time. 

[001 5] According to the above-mentioned approach, the same effectiveness as above- 
mentioned claim 1 is acquired, and the aperture dilation ratio of a single crystal can be sharply 
raised by the simple approach. 

[001 6] Like the approach of claim 6. the above-mentioned side face of the above-mentioned 
seed crystal supporter can also be formed the shape of a convex, and in the shape of a concave 
surface. Even if such, the same aperture expansion effectiveness is acquired by each by making 
it the above-mentioned include angle theta in a center section serve as the above-mentioned 
range. 

[0017] Let the path of the above-mentioned back face of the above-mentioned seed crystal 
supporter be a minor diameter by the approach of claim 7 from the path of the above-mentioned 
seed crystal, abbreviation identitas, or the above-mentioned seed crystal. Thereby, an operation 
of the above-mentioned side face which prevents and inclines that polycrystal accumulates on 
the above-mentioned back face can be demonstrated effectively. 

[0018] Let the above-mentioned single crystal be silicon carbide monocrystal by the approach of 
claim 8. Silicon carbide monocrystal is useful as a substrate for semiconductor device 
production, and its utility value by diameter[ of macrostomia ]-i2ing is large. 
[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of 1 operation of this invention is explained 
to a detail based on a drawing. Drawin g 1 (a) is the outline block diagram of the growth 
equipment of the single crystal which applied this invention, and explains the case where the 
single crystal to grow up is made into silicon carbide monocrystal here. The growth equipment 8 
of a single crystal has the crucible 7 made from a graphite and lid 1 as a container among 
drawing. A crucible 7 is the bottle object of upper limit opening, and the bottom half circles are 
filled up with the silicon carbide raw material powder 6 used as a raw material. As shown in 
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drawin g 1 (b). the lid 1 is making the periphery edge with flange 1 a of thin meat a little, and when 
it attaches in a crucible 7, it has made it as [ seal / in contact with the upper limit edge of a 
crucible 7 / flange la / this ] ( drawing 1 (a)). 

[0020] Next, the configuration of the lid 1 which is the description part of this invention is 
explained. In drawing 1 (a) and (b), a lid 1 makes the center of an inferior surface of tongue 
(container internal surface) project below (raw material powder 6 side), and is forming seed 
crystal 3 with the seed crystal supporter 2 for carrying out support immobilization. This crystal 
supporter 2 is made with the configuration whose diameter is gradually reduced towards the 
back-face 2a side which touches seed crystal 3 from a lid 1 inferior-surface-of-tongue side so 
that it is an abbreviation trapezoid configuration, and side^ace 2b may have the raw material 
powder 6 and an inclination and may counter. Back-face 2a to which seed crystal 3 is fixed is 
formed in lid 1 inferior surface of tongue and parallel. 

[0021] Are specifically good to make side-face 2b incline so that the include angle theta of the 
normal A of back-face 2a and the normal B of side-face 2b (henceforth whenever [ tilt-angle / 
theta ]) to make may turn into ( d raw ing 1 (b)) and 80 degrees or less 20 degrees or more. By 
this It can control that growth of silicon carbide monocrystal 5 is checked with the silicon 
carbide polycrystal 4 which grows up to be the perimeter of seed crystal 3, and the side face of 
a single crystal 5 can be protected from heat etching with polycrystal 4, and the aperture dilation 
ratio of the growth crystal 5 can be enlarged effectively. If theta is [ whenever / tilt-angle ] 
smaller than 20 degrees, it will become conventionally close to a configuration and the growth 
inhibition by surrounding polycrystal shown in above-mentioned drawing 6 will become large, 
moreover, when theta was [ whenever / tilt-angle ] larger than 80 degrees, it was shown in 
above-mentioned drawing 7 — it becomes conventionally close to a configuration, heat etching 
of the single crystal periphery section is carried out, and the aperture expansion effectiveness 
decreases, theta is decided by magnitude of both growth rate of polycrystal 4, and growth rate of 
the direction of single crystal 5 side face who grow on the outskirts whenever [ tilt-angle / from 
which the aperture expansion effectiveness serves as max ]. Although both magnitude changed 
with the growth conditions at that time, and the structures of growth equipment, when this 
invention persons were the range of the growth conditions which are growth equipment of the 
structure shown in drawin g 1 (a), and are shown below, theta found out that the aperture 
expansion effectiveness was acquired in 20 to 80 degrees whenever [ tilt-angle ]. More 
preferably, it is good to make theta into the range of 25 to 65 degrees whenever [ tilt-angle ], 
and it can heighten the above-mentioned effectiveness further. In addition, with the gestalt of 
this operation, side-face 2b of the crystal supporter 2 is formed so that a cross section may 
become straight line-like, and theta is [ whenever / tilt-angle ] fixed. 

[0022] Here, as seed crystal 3 for growing up silicon carbide monocrystal 6. the silicon carbide 
monocrystal manufactured with the Acheson process or the silicon carbide monocrystal grown 
up by the sublimating method from the Atchison crystal is usually used. Seed crystal 3 comes to 
process these silicon carbide monocrystal in the shape of [ predetermined ] a wafer type, and 
junction immobilization is carried out on back-face 2a of the seed crystal supporter 2. this time 

— the path of back-face 2a — the path of seed crystal 3, and abbreviation — or [ being same ] 

— or it can be good to make it become small a little, and it can demonstrate the above- 
mentioned aperture expansion effectiveness more effectively. When the path of back-face 2a is 
too larger than the path of seed crystal 3. polycrystal accumulates on back-face 2a of the seed 
crystal 3 circumference, and there is a possibility of having a bad influence on aperture 
expansion. 

[0023] In addition, although not restricted, if especially the protrusion height (height of the 
vertical direction of drawing) of the seed crystal supporter 2 is too small not much, the 
polycrystal 4 which grows on a lid 1 will catch up with growth of a single crystal 5, and it will 
become close to the condition (whenever [ tilt-angle ] condition of theta= 0) that there is no 
seed crystal supporter 2. Moreover, since there is a problem of the temperature distribution of 
the circumference of seed crystal 3 changing when protrusion height is too large, it is good to 
set up suitably according to an equipment configuration, the magnitude of seed crystal 3, etc. 
[0024] In growing up a single crystal using the above-mentioned equipment, like drawing 1 (a), it 
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joins to back-face 2a of the crystal supporter 2 with adhesives. and heats seed crystal 3 with 
heating apparatus (*♦*♦), such as an induction coil arranged on the perimeter of a crucible 7. At 
this time, beyond the sublimation temperature (usually about about 2000-2500 degrees C) of 
silicon carbide, the raw material powder 6 establishes a temperature gradient in a crucible 7 so 
that it may become temperature with seed crystal 3 lower than the raw material powder 6. The 
ambient atmosphere in a crucible 7 is made into inert gas ambient atmospheres, such as argon 
gas, and a pressure is good to consider as 0.1 - lOTorr extent. By this, the sublimation gas of 
the raw material powder 6 occurs, and it is spread upwards, and recrystallizes on the low- 
temperature seed crystal 3 more. 

[0025] Thus, it is possible to make the aperture expansion include angle alpha of the silicon 
carbide monocrystal 6 obtained (include angle of the boundary line C of a single crystal 5 and 
polycrystal 4 and the normal A of back-face 2a to make) larger than before by making side-face 
2b of the crystal supporter 2 into an inclined plane, and making theta (include angle of the normal 
A of back-face 2a and the normal B of side-face 2b to make) into 80 or less degrees 20 degrees 
or more whenever [ tilt-angle ]. In order that this may grow so that the polycrystal 4 which 
grows in the direction of the normal B of inclining side-face 2b may escape outside to the 
growth direction (the direction of the normal of the above-mentioned back face) of the single 
crystal 5 which grows on seed crystal 3 [0026] which can moreover aim at aperture expansion of 
the single crystal 5 which grows simply by both effectiveness of these by preventing heat 
etching since the side face of a single crystal 5 is protected by this polycrystal 4, that the 
growth inhibition by polycrystal 4 is prevented, and The gestalt of operation of the 2nd of this 
invention is shown in drawing 2 . In the gestalt of implementation of the above 1 st, side-face 2b 
of the crystal supporter 2 is formed so that a cross section may become straight line-like, and 
although theta is [ whenever / tilt-angle ] fixed, an abbreviation center section can also make 
side-face 2b the shape of a convex which bulges in the method of the outside of the direction of 
a path like drawing 2 . In this case, it is making it theta become 80 or less degrees from the 
back-face 2a side 20 degrees or more whenever [ tilt-angle ] in the center section except the 
back-face 2a side edge section and the lid 1 side-edge section, although theta's becomes large 
gradually whenever [ tilt-angle ] towards a lid 1 side, and the same effectiveness is acquired. 
Moreover, as the gestalt of operation of the 3rd of this invention is shown in drawing 3 , an 
abbreviation center section can also form side-face 2b in the shape of [ which carries out a 
cavity to the method of the inside of the direction of a path ] a concave surface. Although it is 
the same and theta becomes small gradually whenever [ tilt-angle ] towards the lid 1 side from 
the back-face 2a side also in this case, in the center section except the backH^ace 2a side edge 
section and the lid 1 side-edge section, the same effectiveness is acquired by making it theta 
become 80 or less degrees 20 degrees or more whenever [ tilt-angle ]. 

[0027] Moreover, although the configuration of the crystal supporter 2 and seed crystal 3 has a 
common round shape, it cannot be restricted circularly but can also be made into polygons, such 
as other configurations, for example, a square, and a hexagon. There is not necessarily no need 
of making in agreement the configurations of the crystal supporter 2 and seed crystal 3, for 
example, the polygonal seed crystal 3 can be made to be able to support on the circular crystal 
supporter 2, or it can also make the circular seed crystal 3 support on the polygonal crystal 
supporter 2 conversely at this time. 
[0028] 

[Example] In order to check the effectiveness of this invention, the single crystal growth 
equipment 8 of above-mentioned drawing 1 was used, and silicon carbide monocrystal 5 was 
grown up. Adhesives were used and stuck on back-face 2a of the seed crystal supporter 2 
formed in the lid 1 after fabricating this with a diameter of 1 0mm in the shape of a wafer, using 
the Atchison crystal as seed crystal 3. Whenever [ 10mm and tilt-angle ], the outer diameter of 
back-face 2a formed [ theta (include angle of the normal A of back-face 2a, and the normal B of 
side-face 2b to make) ] the seed crystal supporter 2 so that it might become 30 degrees. 
Attachment immobilization was carried out and the lid 1 which was filled up with commercial 
silicon carbide abrasives (mean particle diameter of 80 micrometers) as silicon carbide raw 
material powder 6, and stuck seed crystal 3 in the crucible 7 at the upper limit opening was 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



2005/12/16 



JP.2001-072490.A [DETAILED DESCRIPTION] 



6/7 ^— V 



heated all over the furnace for growth of Under the present circumstances, first, the inside 
of a crucible 7 was permuted by the argon gas ambient atmosphere by the evacuation system of 

after raising whenever [ crucible 7 internal-temperature ] to growth temperature by 
ambient pressure force 700Torr, the ambient pressure force was decompressed to the growth 
pressure (lOTorr), and growth was started. Heating was made into the induction-heating method 
by the induction coil of the raw material powder 6 was heated at about 2200-2300 degrees 
C, and the single crystal 5 was grown up on the seed crystal 3 held to temperature lower than 
this. Growth time amount was made into 24 hours, and kept temperature and a pressure 
constant during growth. At the time of growth termination, first, after raising the ambient 
pressure force to 700TorKs), temperature was reduced to ordinary temperature. 
[0029] Then, the silicon carbide monocrystal 5 which removed drawing and a lid 1 and grew the 
furnace for growth to the crucible 7 on seed crystal 3 was evaluated. Evaluation was performed 
using the photograph of the vertical cutting plane which cut and photoed the obtained silicon 
carbide monocrystal 5 to the lengthwise direction (the vertical direction of drawin g 1 ), measured 
the include angle which the boundary line C of silicon carbide monocrystal 5 and the silicon 
carbide polycrystal 4 and the normal A of back-face 2a make, and was made into the aperture 
expansion include angle alpha. Furthermore, the aperture expansion include angle alpha was 
measured, respectively about the silicon carbide monocrystal 5 which changed theta in 15 to 90 
degrees whenever [ tilt-angle / of the seed crystal supporter 2 ], and was grown up by the same 
approach. Based on these measurement result, the relation between theta and the aperture 
expansion include angle alpha was investigated whenever [ tilt-angle ], and it was shown in 
drawing 4 . In addition, at this time, two or more single crystals 5 by theta were grown up 
whenever [ same tilt-angle ], the sample of the vertical cutting plane of each single crystal 5 was 
created, and the aperture expansion include angle alpha of those right and left was measured, 
respectively. The aperture expansion include angle alpha was shown in drawin g 4 with the width 
of face of dispersion by the part of this sample, and dispersion between samples. 
[0030] The aperture expansion include angle alpha is increasing and the aperture expansion 
effectiveness of 40 degrees or more is acquired [ whenever / tilt-angle / the aperture expansion 
include angle alpha ] for the aperture expansion include angle alpha at theta= 25 degrees 
whenever [ tilt-angle ] 30 degrees or more by theta= 20 degrees as theta becomes large from 1 5 
degrees whenever [ tilt-angle ] so that clearly [ dr a win g 4 ]. That is, it turns out that it can grow 
up while growth of a single crystal 5 is not checked but a single crystal 5 is expanded more 
outside by enlarging theta whenever [ tilt-angle ], since the growth direction of the polycrystal 4 
which grows on side-face 2b of the seed crystal supporter 2 inclines outside more. On the other 
hand, whenever [ near the conventional equipment configuration of drawing 5 / tilt-angle ], at 
theta= 1 5 degrees, sufficient effectiveness is not acquired but it is thought that the growth 
inhibition by the polycrystal 4 which approaches a single crystal 5 and grows has arisen. 
[0031] On the other hand, if theta exceeds 40 degrees whenever [ tilt-angle ]. at theta= 90 
degrees, the aperture expansion include angle alpha will turn into about 25 degrees whenever 
[ tilt-angle / from which the aperture expansion include angle alpha becomes small gradually, and 
serves as the conventional equipment configuration of drawin g 6 ]. It turns out that this is 
considered for the side face of a single crystal 5 being exposed, and receiving heat etching in 
order that a single crystal 5 and polycrystal 4 may not touch, if theta becomes large too much 
whenever [ tilt-angle ], and the effectiveness of being touching at this extent to which the 
polycrystal 4 on side-face 2b does not bar growth of a single crystal 5, and preventing heat 
etching of a single crystal 5 is acquired. As mentioned above, in order for the polycrystal 4 on 
side-face 2b not to bar growth of a single crystal 5 and to protect the side face of a single 
crystal 5 from heat etching, it turns out [ whenever / tilt-angle ] that aperture is sharply 
expandable compared with the former that theta should just be in the range of 20 to 80 degrees. 
[0032] In addition, although the gestalt of the above-mentioned implementation explained the 
case where silicon carbide monocrystal was grown up as a single crystal, it is easy to be natural 
even if it applies to growth of other single crystals which can grow by the sublimation 
recrystallizing method besides silicon carbide monocrystal. 
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♦ NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The gestalt of operation of the 1st of this invention is shown, (a) is the outline 
sectional view of single crystal growth equipment, and (a) is the expanded sectional view of a lid. 
[Drawing 2] It is the expanded sectional view of the lid in the gestalt of operation of the 2nd of 
this invention. 

[Drawing 3] It is the expanded sectional view of the lid in the gestalt of operation of the 3rd of 
this invention. 

[ Drawin g 4] It is drawing showing the relation between an include angle theta and the aperture 
expansion include angle alpha. 

[Drawing 5] It is the outline sectional view of conventional single crystal growth equipment. 
[Drawing 6] It is the outline sectional view of conventional single crystal growth equipment. 
[Description of Notations] 

1 Lid 

2 Seed Crystal Supporter 
2a Back face 

2b Side face 

3 Seed Crystal 

4 Silicon Carbide Polycrystal 

5 Silicon Carbide Monocrystal 

6 Raw Material Powder 

7 Crucible 

8 Single Crystal Growth Equipment 
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